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LAND ABUNDANCE, FACTOR RETURNS, AND NINETEENTH CENTURY
AMERICAN AND BRITISH TECHNOLOGY: A RICARDIAN /LINEAR PRODUCTION
MODEL RETR OSPECTIVE

Alexander J. Field
Stanford University, Economics Department

In America and many other countries, where the food of man
is easily produced, there is not nearly such great temptation to employ machinery as in England, where fo0d is high
and costs much labour for its production.
The same cause
that raises labour does not raise the value of machines,
and, therefore, with every augmentation of capital, a
greater proportion of it is employed on machinery.
--David Ricardo 1

1.

INTRODUCTION

The above quote from David Ricardo is remarkable in that it
advances propositions contrary to the starting point of almost all
recent discussions of the relationship between factor endowments, input
prices and technology and organization in Britain and the United States
in the nineteenth century. Such accounts almost invariably begin with
the assertions a) that land abundance was associated with higher "real"
wages in the U.s . , and b) that such higher wage rates were associated
with the use of "more" machinery, i.e . , more capital intensive techniques than were used in England . Yet Ricardo seems to disagree on both
counts: Not only does he claim that in land abundant America a) a major
component of the wage bundle (food) cost less in labor for its
production , and thus the "value" of wages was likely to be lower than in
England, but he also suggests that as a result b) there was less
"temptation" to employ machinery in America, and therefore presumably,
less capital intensive techniques employed.
The Ricardian analysis implicit in this quotation raises a number
of key issues both with regard to the characterization of the differences between American and British technology in the nineteenth century
and with regard to the type of economic model necesary to understanding
them. Accepting without discussion the proposition that throughout the
nineteenth century the U.S., considered as a regional econorror, had
access to more cultivable acres of land per worker than England, two key
issues lie at the heart of the analysis that follows. First, how did
l and abundance influence the share of output and the rates of return per
uni t i nput going to the main classes of income recipients in the two
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regions?
Second, how did such input price variation affect the
character of technology and organization in a land abundant and land
scarce region?
There are three closely related themes in this essay.
The first
has to do with the characterization of technological differences in the
two regions.
Contrary to the Rothbarth/Habakkuk tradition , 2 which
claims that the distinctive feature of American technology was its
"labor saving" quality, this essay argues, in the spirit of Ricardo's
remarks, that the most distinctive feature of American in comparison
with British technology in the nineteenth century was its capital-saving
quality .
Some representative examples of this tendency included the
American practices of using structures and equipment with shorter
service lives, running and depreciating their equipment more quickly,
and adopting organizational forms that reduced inventories per unit
output and per unit labor.
American procedures consistently tended to
reduce the stocks of fixed and working capital held at any moment of
time and, perforce, on the average throughout a year, thereby reducing
the annual carrying costs of such capital at any positive interest
rate.
This conclusion is inescapable when one examines technological
and organizational practice in the different sectors of the two
economies , and is consistent with an examination of aggregate data on
capital-labor and capital-output ratios in the two countries in the
middle of the nineteenth century.
Both of these ratios in Britain
exceeded their American values by a factor of (approximately) four in
mid-century.
The second theme concerns the factor price differences which are
most central to understanding these technological and organizational
differences.
Cont rary to the Rothbarth/Habakkuk emphasis on relative
wage rates in the two countries, this paper stresses the differences in
the pure cost of capital, as reflected in relative profit/interest rates
in the two regions. It argues, moreover, that under certain assumptions
such differences in and of themselves provide a means of understanding
the imperatives that led in the direction of the technological
characteristics described above.
The final theme concerns the characteristics of the theoretical
model needed to understand the link between land abundance and input
prices, and the link between input prices and technical choice. Models
drawn from the international trade literature, of which the Peter Temin,
Robert Fogel and Ronald Jones analyses are representative, 3 are useful
in organizing our thinking about the relationship between land abundance
and the sectoral composition of output under different assumptions about
demand elasticities and the use of different inputs in different
sectors. But, the structure of such models renders them deficient as a
means of investigating the total sequence of connections between land
abundance and technical choice, insofar as technical choice involves the
U.s. adoption of faster depreciation techniques and lower aggregate
capital
intensities.
The
major
difficulty
is
that
in
the
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Temin/Fogel/Jones models, the aggregate stock of capital and the
aggregate stock of labor are fixed exogenously, so that land abundance
or shortage can, by assumption, have no effect on aggregate capital
intensity.
In contrast, the Ricardian analysis implicit in the two sentences
that begin this paper, when formalized mathematically, leads in the
direction of a modified von Neumann/Leontief two sector linear production model.
However, this modified model (developed in section 3)
differs significantly from previous models of this type in that it
examines choice among multiple techniques which differ not in the fixed
proportions in which they combine commodity inputs, but rather in the
size of the sectoral commodity stocks required and the rates at which
these stocks are depreciated.
An attempt is made using this model to
deduce microeconomically intuitive results regarding the relations
between interest rates and choice of depreciation "technique," and to
combine these conclusions with well established results regarding the
impact
of
land
abundance
( superior
agricultural
technique)
on
interest/profit rates.
This linear model with produced inputs and
multiple techniques provides for the first time a coherent theoretical
link between land abundance and regional technological choice in the
nineteenth century.

2.

SPECIFIC FACTOR OR MODIFIED HECKSCHER-OHLIN MODELS

Building on a tradition associated with the Frederick Jackson
Turner frontier hypothesis, Erwin Rothbarth, H.J. Habakkuk and others
argued that land abundance placed a relatively high floor under U.S.
wage rates which in turn led American producers, especially in the manu
1
facturing sector, to adopt labor-saving capital-using techniques.{
Peter Temin termed this proposition the "Basic Theorem on Labor
Scarcity," and in a number of articles attempted to specify the
conditions under which it could be true.
He began with a two sector,
three factor general equilibrium model in which agricultural goods were
produced through inputs of labor and land and manufactured goods were
produced through inputs of labor and nonmobile capital:

Production functions were assumed smoothly differentiable. Labor
was assumed mobile between the two sectors; capital and land, specific
to their respective sectors, were not.5 Temin argued that if one added
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land to the system, labor would leave manufacturing for agriculture,
raising the capital-labor ratio in manufacturing and thereby raising the
wage rate measured in manufactured goods output. 6
As was later pointed out, Temin implicitly made the "small
country" assumption of infinitely elastic demand for both products, and
therefore fixed output prices. Had he made different assumptions about
demand, his conclusions would have been different.
For example, were
the demand for agricultural prices completely inelastic, the addition of
land would have induced intersectoral labor flow in the opposite direction.
For Temin's Basic Theorem on Labor Scarcity to hold in this
model, aL /aT must be positive. With completely inelastic demand for
grain, aLa/aT would be negative. In general, the direction of labor
flow betwein sectors, and therefore the impact of land abundance on
capital intensity in the manufacturing sector will depend in such models
on a complex interaction of demand elasticities and production
technologies.7

Temin was dissatisfied with his specification of the conditions
under which the Basic Theorem could be true because it implied a lower
return to capital in the land abundant region, whereas in fact U. S .
interest rates were higher . But subsequent modifications of the model
suggested by Robert Fogel and Ron Jones showed that this apparent
contradiction between model predictions and empirical reality could
easily be eliminated by respecification of the input configurations,
such as by allowing land to enter the manufacturing production function.
The Temin/Fogel/Jones analyses are, however, less different than
they might appear in that they all follow an essentially similar
procedure.
Starting with a two or three sector, two or three factor
model, they impose restrictions on which factors enter which sectors,
explicitly or implicitly assume something about demand conditions, and
then conduct the following comparative statistics exercise:
1) Given fixed endowments of Land
( T) , Labor
(K), an initial equilibrium is calculated.

(L) and Capital

2) This initial equilibrium is called England .
increment of land is hypothetically added to the system,
holding
K
and
L
constant, and the new equilibrium is
calculated.

3) An

4) The new equilibrium is called the United States.
Depending on the assumptions made, one reaches different conclusions about the effect of land abundance on capital intensity in
manufacturing.
The ambiguity of these conclusions aside, however, one
must ask whether . it is empirically very interesting to identify capital
exclusively with machines, and to restrict one's analysis to technical
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choice in manufacturing alone.
Producer durables never comprises more
than 10-15 percent of reproducible tangible assets in either the United
States or Britain in the 19th and 20th centuries, and manufacturing
capital formation was a relatively small fraction
total capital formation in the United States in the 19th century.
As section 4 will
demonstrate, there are economy-wide similarities in American technological and organizational practice with respect to all components of the
national capital stock that differ from economy-wide similarities in
British practice. These tendencies deserve a unified explanation.

gr

Suppose we accept (aggregate) differences in economy wide K/L
ratios as an indicator of overall differences in technical choice in two
regions.
Whereas the Temin/Fogel/ Jones models can provide insights albeit usually ambiguous ones - into the impact of land abundance on
factor returns (prices) or on the sectoral composition of output, they
lack the complexity to offer insights regarding connections between land
abundance, factor prices, and aggregate capital intensity.
The basic
problem is that their approach imposes identical aggregate capital/labor
ratios in both regions.
In such models d(K/L)/dT = O, by assumption.
This is true no matter how many sectors one adds to the model", no matter
what the specification of production technologies in each sector, and
regardless of the assumed demand elasticities.
So long as total
capital
K and total labor L are fixed exogenously, land abundance
cannot influence aggregate K/L . 9
If one abandons the fixed (inelastic) supplies of inputs assumptions, permitting factor supplies to vary in response to their price,
one can, by appropriate assumption, produce any desired effect of the
addition of land on the aggregate capital/labor ratio.
But aside from
the obvious fact that the direction of such an effect is not easily
deduced· on a priori grounds, there remains a limitation in using such a
modified model. These models can only characterize technologies by the
proportion in which physical factor inputs are combined.
They cannot
therefore easily distinguish between technologies that use physical
factors in similar propositions, but depreciate them more or less
rapidly.
The impact of interest rate variation on choice of service
life, depreciation rate, or operational speed cannot easily be addressed
using these models, even as modified.
A more useful framework would be one that could illuminate not
only the impact of land abundance on the returns to (and price of)
various "factors", including the interest rate, but also the impact of
such factor price variation on the technological differences that
differentiate land abundant United States from land scarce Britain.
Section 3 of this paper develops the relationship between the Ricardian
analysis implicit in the opening quote of this paper and a modified two
sector linear production model.
Such a model, like the Temin/Fogel/
Jones models, requires general equilibrium methods for its analysis, but
differs in several respects. First of all there is no rigid distinction
between the commodities that serve as inputs and those produced as
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outputs, since similar commodities appear on both sides of the cost of
production equations. All inputs consist of produced capital goods (and
the gross output mix is restricted to those sectoral combinations which
permit replacement of depreciated capital, i.e., those mixes which are
viable). Secondly, technical choice is modeled as the selection of cost
minimizing procedures from among different linear production recipes,
rather than the allocation of fixed primary inputs among smoothly
differentiable sectoral production functions.
Thi~ model also differs in an important fashion from previous
Leontief/von Neumann models with multiple techniques in that it focuses
on
technique
differences
involving
differences
in depreciation
strategies rather than differences in commodity input proportions. That
is, the convention of adhering rigidly to a 100 percent annual
depreciation rate, and treating fixed capital as a type of joint
product, is abandoned.
3.

A TWO SECTOR LINEAR PRODUCTION MODEL WITH PRODUCED
MULTIPLE TECHNIQUES, AND DIFFERENT DEPRECIATION RATES

INPUTS,

In his Essay on the Influence of a . Low Price of Corn on the
Profits of Stock (1815) , 10 Ricardo developed a one commodity (corn)
model of distributive shares.

Stripped to its essentials, the model

envisaged the economy as consisting of a giant farm to which could be
applied varying discrete doses (N) of labor, possessed of seed corn and
sufficient corn to get workers through the growing season.
depended

on

labor/corn

N

[Q

=

f(N)].

combinations

[f'(N) > O, f''(N) < o] 11

The marginal

declined

as

Total output

corn-products

their

numbers

of these
increased,

due to the bringing into cultivation of lands
N

of poorer quality, thereby creating rent

I

f' ( i) - f' ( N)]
as the
i=l
difference between the product of any individual plot of land and the
product
assumed.)

of the
If

marginal

w= w

plot

[

( a private rental market

in land was

is defined as the subsistence wage bundle, total
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profits

[ (f' (N) - w)• N]

the advanced corn capital
as

( f' ( N) -

could be defined, and the profit rate using
(Nw)

as the denominator, could be calculated

w) /w.

What happens to factor returns in such an economy if one
hypothetically adds land to it, holding the labor force constant?
f' (N)
will rise, and constancy in the corn wage before and after the
change will be a sufficient but not a necessary condition fo r the profit
rate to rise. Similar conclusions follow if one considers the impact of
the sudden availability of a superior agricultural technology, holding
land and labor constant. f'(N) wil rise and constancy in the corn wage
before and after the change will be a sufficient but not a necessary
condition for the profit rate to rise. 12
Two conclusions follow:

1) in the one commodity Ricardian model ,

land abundance will be associated with a higher profit rate, if (but not
only if) the corn wage is constant, or if its rise
. .
t o d.
.
. . 1 va1 ue.
su ff icient
rive f'(N)w - w b e 1 ow its
origina
of land abundance

is

is less than
2) Th e impac
.
t

formally analogous to the availability in one

region of a "superior" agricultural technology.
Ricardo believed that the conclusions he drew from his one commodity model were applicable to a multicornmodity model customarily associated with his Principles of Political Economy and Taxation (1817) • 13
In a multicornmodity world, he argued, relative commodity prices would be
determined (approximately) by the relative amounts of labor embodied in
commodities, money prices by the embodied labor in the commodity
relative to the embodied labor in an ounce of gold. Declining marginal
product in agriculture would drive up the money price of corn (and thus
wages) • Other commodity prices would be unaffected in the absence of
technical change, and profits would be squeezed by constant output
prices and rising wage costs.
The money wage rate woul d thereby
transmit the decline in the corn rate of profits to other sectors of the
economy. As he wrote in his chapter "On Profits":
• • • thus in every case, agricultural as well as manufacturing profits are lowered by a rise in the price of raw
produce, if it be accompanied by a rise of wages • • • in
all countries and all times, profits depend on the quantity
of labour requisite to provide necessaries for the labourers
on that land or with that capital which yields no rent. The
effects then of accumulation will be different in different
countries, and will depend chiefly on the fertility of the
land. However extensive a country may be where the land is
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of poor quality, and where the importation of food is prohibited, the most moderate accumulations of capital will be
attended with great redu'.4tions in the rate of profit and a
rapid rise in rent • • • 1

The conditions of production in agriculture, both as affected by
land abundance, and as affected by access to agricultural technology
(the two were formally analogous in their effects) influenced the profit
or inter~st rate in the econonzy- as a whole.
Ricardo's analysis foreshadowed a conclusion which has been reached more formally in the
analysis of general linear models of production. Adopting the convention of treating land abundance as equivalent to access to a superior
agricultural technique, that is, a technique which, if suddenly available, would be cost minimizing at the initially prevailing relative
prices and interest rate, the following Ricardo/Okishio theorem can be
stated:
Theorem on Land Abundance and. the Profit/Interest Rate:
Land Abundance, or the availability of a superior technique in a
basic industry ( one whose output enters directly or indirectly that of
all other sectors) - will, in the new equilibrium in a general linear
model of production, be associated with a higher profit rate provided
the commodity wage bundle remains constant in the before and after
comparisons.
For proofs, see Okishio [ 1961 I , Roemer [ 1977] or Bowles

[ 1981] • 15

This theorem, although not formalized mathematically in Ricardo,
is one half of what lies behind the quote at the start of this paper.
The other half concerns the effect of such higher interest/profit rates
on choice of technique from among sets of non-unambiguously superior
techniques that can be assumed to be available in both regions.
Ricardo is commonly associated with adherence to a labor theory of
value - the proposition that goods exchange against each other according
to the relative amounts of labor embodied in them.
In fact Ricardo
granted four major exceptions to that proposition. He recognized that a
pure labor theory of value did not apply to items fixed in supply (such
as Rembrandts), to food produced on non-marginal plots, or to goods
which entered international trade.
But he also admitted a fourth
exception to the labor theory. He argued that variations in the profit
rate (which, as we have seen, could result from land abundance or access
to a superior agricultural technique) could produce minor changes in
relative prices which had nothing to do with any changes in the relative
amounts of direct and indirect embodied labor in different goods.
Specifically, if two goods were produced over ·different lengths of time,
then a decline in the interest (profit) rate ( rise in the value of
wages) would cause the goods produced over a longer period to become
relatively cheaper.
The cost advantage of rapidly produced goods at
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high interest rates inhered in the more rapid annual der6eciation rates
applied to cornmodi ty input st ocks in their product ion,
and therefore
the smaller stocks of such inputs that had to be held , on average , over
a year and therefore the lower annual interest charges per unit
output . Consider now the possibility that these goods are not different
goods, but rather different means of producing the same final ·commod ity,
with the lower depreciation technique having, at low or zero interest
rates , lower annual depreciation costs per unit output. As the interest
or profit rate varied, there would exist a switch point above which the
faster depreciation technique would become cost minimizing, even though
its annual depreciation costs per unit output were higher .
The following numerical example may make this proposition more
concrete . Suppose entrepreneurs (or social decision makers) wish to dam
a river . They are confronted with two ways of providing themselves wit h
structural services for twenty years: a series of twenty one year dams
vs. one twenty year dam.
Food at $1 per unit to feed workers is the
only commodity input into dam building . A type 1 dam can be built (to
simplify matters, instantaneously ) for $5,000 ( or 5,000 labor hours) and
lasts one year, after which it must be totally rebuilt. A type 2 dam
costs $80 ,000 ( or 80,000 labor uni ts), and lasts twenty years, after
which it must be totally rebuilt.
No maintenance is required over the
lifetime of either type of dam, and the service flows are uniform
throughout the lifetime of the respective capital goods, and are, on an
annualized basis , identical for each type of dam . If labor/ food were
the only cost of production, one would never build a type 1 dam . But if
a positive interest/profit rate prevails, labor/food is not the only
cost.
Total depreciation over twenty years is $100,000 for a plan
consisting of twenty sequential type 1 dams; only $80,000 for one type 2
dam .
Any additional difference in the total cost of these two plans
must stem from a difference in the opportunity costs of tieing up financ ial capital associated with the different time patterns of expenditure
flows in these plans.
Conside r first the long lived investment.
At a market rate of
interest of 10 percent, the opportunity cost of not having $80,000 to
invest for twenty years would be $8,000 the first year, $8,800 the
second year, $9,680 · the third year, and so forth .
Total opportunity
cost at the end of twenty years, compounding annually: $458,200 . For
the series of twenty one y ear projects, the opportunity costs would be
the cost of not being able to invest els ewhere $5,000 for twenty years,
plus $5,000 for the last 19 years , plus $5 ,000 for the last 18 years,
and so one. Total opportunity costs under this plan, again compounding
annually , $215,012.
It is clear that the excess opportunity costs of
building one type 2 dam as opposed to twenty type 1 dams ($243,188) far
exceed the savings on depreciation account ($20 ,000), and the long lived
dam will not be built at 10 percent.
It is equally obvious that at a
zero rate of interest, the longer lived dam would be built, and there
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would exist a switch point at some nonzero rate of . interest below 10
percent.
This is the essence of the Ricardo effect insofar as it
applies to technical choice .
It is the second half of what lies behind
the opening quote in this paper from Ricardo. 1 7
These twin propositions:
that land abundance will tend to be
associated with a higher interest/profit rate, and that higher interest/
profit rates will tend t~ lead to the adoption of techniques involving
more rapid depreciation rates, can now be developed more formally in the
context of a two sector linear production model . A common technique is
assumed available for producing output A in each . region , but the
technique is redundant in land abundant Region 2, which also has access
to an unambiguously superior technique that produces µ percent more of
commodity A using the same amount of the two commodity inputs.
Both
sector A techniques utilize commodity stocks of inputs that depreciate
fully at the end of one year .
In contrast, both regions face identical technological possibilities in sector B:
the same pair of techniques are available in each
region - but neither technique is unambiguously superior . One technique
requires stocks of each commodity input which, as in sector A, depreci ate fully at the end of the year. The second technique requires a A
percent larger stock of each commodity input, but these stocks do not
depreciate fully at the end of each year .
For this second sector B
technique, r, the annual depreciation coefficient, lies between O and
1, rather than being equal to 1, as in the previous three techniques described . The second technique, however, is more "productive" in that it
produces
a
percent more of output B, (although
cx is assumed less
than
A, which captures the notion of diminishing returns to capital
deepening.)
Annual depreciation charges for either of the sector B
techniques
are
assumed
identical:
( 1 + Ah = 1.
Obviously,
if
interest/profit
rates were
zero,
the second technique would be
adopted:
equivalent annual depreciation charges yield Cl percent more
output, or, stated equivalently, the annual cost per unit output would
be lower.
Each region has an identical labor force, with equi v~lent
Aa +
Ab annual commodity A input requirements: the von Neumann 1 ~ convention
of representing labor input in terms of its food/ fuel consumption is
followed.
Commodity inputs for labor are advanced at the start of the
year: interest charges must be paid on commodity A as well as commodity
B inputs.
Treating
Ab
as the amount of commodity A used in the
production of b, and A as total A production, we can now summarize the
possible cost of production equations in a land scarce and a land
abundant region:
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Region 1:
Sector A

Sector B

-or-

(1 + a)~

Region . 2:

Sector A

-or-

Sector B

-or(1 + a)B~

µ > 0

). > a > 0
1 > y > 0
(1 + ).)y = 1
Aa +

¾ .,

A~ Aa +

A (identical labor supply constraint)

¾

B ~ Ba + Bb

(viability)
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One could view inputs as reallocatable between sectors due to
demand variations, sub j ect to the overall labor constraints and the
viability requirements .
But since production techniques are assumed
linear over the relevant range, demand and output composition variation
wi l l not affect relative prices, or r, and are therefore not c ent ral to
the analysis.
In order to prevent the notation from becoming mor e
cumbersome, annual commodity input flows are constructed to be identical
in each region.
Note that although required commodity stocks in
technique 2 in sector B are higher than for technique 1, annual
commodity depreciat i on is the same since (1 + A)Y = 1.
Entrepreneurs are assumed to choose cost minimizing techniques,
given relative prices and the interest rate .
Since such choice
influences the economy-wide
r
and relative prices that they take as
parametric, technique choice must be determined as part of a general
equilibrium along with Pa/Pb, and r.
Although region 2 has, in a sense, a choice between two techniques
in sector A, it is a trivial choice .
Regardless of the values of
Paf Pb, or
r, the second technique will always be cheaper per unit
output.
It is unambiguously superior, and will be adopted . The basic
question at issue is:
what effect will the superior agricultural technique in sector A of region 2 have on the choice of technique in sector
B?
One can now state the following theorem on land abundance and
technical choi c e:
Theorem on Land Abundance and Technical Choice:
Under the above assumptions, either both regions will operate the
rapid depreciation technique, or both wil l operate the slower depreciation technique, or region 2 (the land abundant region) will operate t h e
rapid depreciation technique and reg ion 1 the slow technique. Region 2
will never operate the slow deprec i ation technique if Region 1 is
operating the rapid one.
Proof:
Region 1 will operate either the slow or the rapid depreciation
technique in sector B.
Assume to begin with that the sec ond ( slow
depreciation) sector B technique is used.
The superior sector A technique now becomes available in region 2 .
The Ricardo/Okishio theorem
states that such a new technique will raise the system wide profit rate
if it occurs in a basic industry, if it would be cost minimizing at the
initially prevailing relative prices and
r, and if the commodity wage
bundle is assumed invariant to the availability of the technique.
Sector A (like se ctor B) is basic, the new sector A technique will be
cost minimizing at all relative prices and r, and the cormnodity wage is
assumed not to vary.
Under these assumptions, region 2 will have a
higher interest/profit rate as the result of its access to an unambiguously superior agricultural technique.
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Sector B entrepreneurs in region 2 must now ask whether the slow
depreciation technique used

in

"interim" relative prices and

region 1
r

is

cost

minimizing at

the

associated with the adoption of the

superior sector A agricultural technique.

The two sector B techniques

share a unique "switch point" - an interest rate at which per unit costs
1 + a - y - y). , which, under
A - a
the model assumption that ( 1 + ). )y = 1, simplifies to __a_
If the

using the two techniques are identical:

). - a·

"interim"

region

2

is

r

above

this

switch

point,

region

2

entrepreneurs will choose rapid depreciation which will generate a new
round

of

relative

I ntuitively,

r

price

adjustments

and

a

further

rise

in

r.

rises, even though sector B output is lower, because

profits have to be paid on a smaller sectoral and aggregate capital
stock.

Formally,

this

is

another

instance

of the

Ricardo/Okishio

theorem.
If "interim"
r
is below the switch point, no sector B change
occurs , and "interim" r becomes the new equilibrium. If region 1 uses
rapid depreciation to begin with, that is if
r
using the inferior
sector A technique is above ~ ' the exercise is less interesting,
since the rise in Region 2 r a.siociated with access to the superior
sector A technique will never improve the attractiveness of slower
depreciation in sector B.
The "sequence" of sectoral technology comparisons, an approximation to the solution algorithm of this general equilibrium model, is
of no consequence, provided that after any switch in one sector, all
other technological comparisons are reexamined to insure that utilized
technology remains least cost.
Absolute superiority in sector A is a
stronger than necesary condition for this analysis - the region 2 sector
A technique need only be cost minimizing at region 1 prices and r to
be adopted, but assuming absolute superiority simplifies the exposition.
Implications:
Let us assume that land scarce Region 1 ends up using the slow
depreciation sector B technique, and land abundant region 2 the rapid
depreciation sector B technique. That the second technique in sector B
involves slower depreciation is true by construction. It also invovles
higher sectoral capital/output and capital/labor ratios in the following
sense. Treat the annual flow of depreciation of commodity A as equal to
annual labor input. The ratio of each physical component of the capital
stock to the Sector B labor flow
Ab
is higher for the slow
depreciation technique, and the ratio of each physical component of the
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capital stock to the output of Bis higher for the slow technique (this
is guaranteed by A> a). Since the ratio of each physical component of
the numerator in these ratios is larger than the respective denominators
in the slow depreciating, land poor, low interest rate region 1, it will
also be the case that these ratios will be larger in value terms, in
comparison with region 2, provided that the regional price indexes are
normalized so that their weighted average level is equivalent in both
regions.
The low interest/prof-it rate region 1 will also have a higher
aggregate capital/labor ratio. Since sector A's total capital and labor
inputs are identical in each region, the ratio of each component of
region l's aggregate capital stock to its aggregate labor input will be
higher (but not necessarily A percent higher) than in region 2 . The
conclusion with respect to aggregate capital output ratios is less
clear , since region 1 produces a
percent more B due to its use of a
slow depreciation technique and region 2 produces µ percent more A due
to its access to a superior agricultural technique.
Although sector A (agriculture) is assumed not to have a range of
techniques involving different depreciation rates, there is nothing to
prevent the model from being expanded to include that possibility.
In
that case region 2 would be viewed as having access to a range of
technically superior techniques, each corresponding to a different y
or depreciation strategy, and each yielding µ percent more output than
the corresponding technique available in region 1 using the same
inputs. Region 2 agriculture would then also display a tendency toward
more rapid depreciation techniques.
This two sector linear production model permits us to elucidate an
entire sequence of connections between land abundance, the prevalence of
higher interest/profit rates, and the adoption in land abundant regions
of techniques of production involving faster rates of depreciation.
Furthermore,
under the above assumptions,
a
faster depreciation
technique which ceases to be cost minimizing as profit rates fall will
not, at even lower profit/interest rates, become cost-minimizing
again:
i.e., there will be only one switch point.
This result
apparently contradicts the multiple switch point conclusions associated
with the work of Piere Sraffa and others. Sraffa went to great lengths
to maintain a uniform depreciation period in his model - even choosing
to treat fixed capital as "a species of joint products 111 9 rather than
admit formally any distinction between techniques involving their
depreciation rates.
By contrast,
the results in this paper are attained,
in
considering induced technique shifts, by restricting our consideration
to techniques that combine commodity inputs in fixed proportion, but
differ in the stocks required of these commodities and the rates at
which they are depreciated.
These restrictions permit us to reach
conclusions which are plausible at the microeconomic level:
high
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interest rates lead to faster depreciation strategies.
They permit a
theoretical linkage between land abundance and the most salient economy
wide
differences
in
nineteenth
century
American
and
British
technologies, a linkage which although implicit in Ricardo, has not
heretofore been explicitly developed .
Such linkages cannot easily be
examined within specific factor or modified Heckscher-0hlin models, and
have not been examined within the literature on general linear models,
because such models, in considering multiple techniques, have without
exception restricted analysis to techniques with identical (100 percent)
annual depreciation rates.
Using logic similar to the dam example above, one can hypothesize
that a land abundant high interest/ profit rate economy ( the United
States) ought to be characterized by a number of interrelated features,
all manifestations of a tendency to choose rapid depreciation over
slower depreciation techniques. These features include:

1)

Faster construction periods for producer durables and structures;

2)

Less durable machines and structures;

3)

Faster depreciation through operational decisions:
machines run longer and harder;

4)

Greater concern with the effect of technical choice and
organizational structure on inventory control and speed of
throughput;

5)

Independently of machine speed, a characteristically faster
pace of production, and a receptivity to time and motion
studies that would contribute to it; and

6)

A willingness to tolerate, within limits, "waste" of reproducible tangible assets (i . e., greater overall depreciation
costs per unit output costs), if this can reduce the stock
of capital (including inventories) tied up on average over a
year, and thereby reduce annual interest changes.

i.e.,
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